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SUMMARY 

A low-speed investigation was made in the  6- by 6-foot tes t   sec t ion  
of'the Langley s t a b i l i t y ' t u n n e l   t o  determine the  effects  of chord  dis- 
continuities and chordwise fences on the e t a t i c   l ong i tudha l   s t ab i l i t y  
and wake characterist ics of an: airplane model having a 35O sweptback 
w" 

The use of a fence o r  8 lO-percent-semispan  chord-externion,  with 
the  inboard  face of the  chord-extension a t  the aame spanwise location 
as the fence,  caused a slight improvement i n  the s ta t ic   longi tudinal  
atabil i ty  of  the  basic wing alone a t  moderate angles of a t tack w h i c h  
resulted from an improvement in the flow over the t i p  o f  the wing and 
higher t i p  loading8 f o r  a given angle of attack. 

A fence Located a t  68-percent semispan from the plane of  symmetry 
or a 10-percent-aemispan  chord-extension w i t h  the iliboard face a t  the  
same spmwise location as the  fence  reduced the Fnetability of the  plain 
complete model a t  moderate w l e s  of a t taFk   to   neut ra l   s tab i l i ty .  The 
fence acted a8 a physical barrier t o  the leading-edge  separation vortex 
thereby h p r o v h g  the flow over the w a  o u t b w d  of the  fence. The 
main effect af the fence was t o  provide a more favorable m i a t i o n  of 
downwash angle wlth angle of a t tack a t  the horizon-f;al tail.  The chord- 
extension  provided 811 aerodynamic bar r ie r  i n  addi t ion   to  a phyeical 
bar r ie r  t o  the  separation  vortex. The aerodynamic bar r ie r  waa a vortex 
along the inboard  face of the chord-extension. The chord-extension also 
mainly  provided a more favorable  variation of downwash angle w i t h  angle 
of a t tack  a t   the   horizontal   ta i l .  The chord  recessions  investigated  did 
not  appre.ciably  reduce the   ins tab i l i ty  of the plain complete m d e l  because 
of a -  lack of  an aerodynamic or  physical   barrier t o  the separation  vortex. 
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INTRODUCTION - rc 

A low-speed investigation of an  airplane .model having a 35O swept- 
2. 

back w i n g .  has  indicated that the  fnstabil i ty which occurred a t  low 
angles of attack and m S  attributEtble  to an unstable  variation of down- . 

wash angle  with  angle o f -  at tack  at   the  horizontal  t a i l  could  be  eliminated 
by the  use of a chordwise-fence  (reference 1) or  by lowering the  hori-  
zontal t a i l  to  the  fuselage  center  line  (reference 2) .  Only neutral 
s t ab i l i t y  wa6 obtained by ei ther  method,  however. The effect8 of the 
fence  (reference I) on the longitudinal  stabil i ty of the model varfed 
considerabQy with spamj'lse position, of the fence. . . .  

.. - 

. . " 

. .  . .  

Two low-speed investigations, one of a 60° sweptback wing  (refer- . 

ence 3) and one of two 52O sweptback.wings (reference 41, have indicated 
tha t  a marked  improvement in   the  s ta t ic   1ongi tudinal .e tabi l i ty  of a  wing I 

alone  can  be  obtained  with  the  use of small chord-ex€en8ions  with r e su l t s  
similar to   those which  would be  expected  with a chordwise fence. The 
investfgation of  reference 1 d i d  not determine the-ef fec ts  of the  fence 
on the flow  over the wing surface or .in  the wing wake. V i s u a l  observa- 
t ions of  the  effects  of chord-extensions on the  flow  over  the wings were 
made in  the  inveetigations  reported  in  references .3 an8 4, however. 

.. - 
- -.,* " 

. . .  

. " 

. . .  . ." 
The present  investigation was  made t o  determine the  effects  o f  

various chord diBCOntinUitieB and chordwise fences on the  a h t i c  longi- n 

tudinal   s tabi l i ty   character is t ics  of  an airplane model having a 35* 
sweptback wing. In-addition, downwash, sidewaeh, and dyimmic-pressure 
measurements were made with  various chord discontinuities mounted on *- 
the madel. These surveys were made i n  the plane of  the  horizontal   tatL 
along a l i ne  passing through the t a i l  aerodynamfc center. . " 

. ". 

. .  

SYMBOLS . . . .  - .. - . . . . . . . .  

The data presented  herein  are in the  form of standard NACA synibols 
and coefficients of forces and moments and are referred t o  the e tab i l i t y  
system of axes  with the  or igin a t  the  proJection a f  the quarter-chord 
point of the mean  aero-ic chord on the  plane of symmetry.  The 
positive  direction of the  forces, moments, and angular dieplacements is 
shown i n  ffgure 1. The coefficients and  aynibols used herein  are  defined 
as follows: . . . . . . . .  " ."" 

l i f t   coe f f i c i en t  (a 
C h  maximum l i f t   coe f f i c i en t  I 

" 
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drag coefficient (a 
pitching-moment coefficient (..) 
lif't, pounds 

drag, pau;ids 
. . .  

pitching mpment, foot-pounds 

aspect rat20 (b2/S) 

span, fee? 

area,  square feet 

local  chord paxLLel to plane of symmetry, fee t  

mean aerodynamic chord, feet (E r'2 c2) 

densi-t;y of  a i r ,  slugs per cubic foot 

free-stream  velocity,  feet +r second 

.. - . - 

measured r a t io  of  dynamic pressure at horizontal to free- 
stream m i c  pressure 

free-stream dynS.mic pressure, pow@s per square foot (3.') 
q t  

6 measured downwash angle,  degrees 

dynamic presmre at horizontal tail, pounds per square foot 

cr measurea sidemsh  angle  (positive *en it tends t o  decrease 
an@;le of a t tack   of .ver t1ca l   t a i l ) ,  degrees 

5, incidence of wing-root-chord  plane w i t h  respect to fuselage 
center  line,  degrees (3O f o r  model of  this fnvestigatfon) 

U angle of attack of fuaelage center  line,  degrees  (angle of 
a t tack of-wing is  related t o  angle of attack of  fuselage 
center line by a, = c 6 ~  + lw (see f3.g. 1)) - 

3 
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Subscripts: 
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apanwise distance measured peqendicular  to plane of symmetry, 4 

f ee t  
. -.  

. .  " 

. ". 

? 

. .  . .  

fuselage 

For  convenience, the  following notation  be used to   denote . the - 

various model components: .. 
. .  

.LI -.1 

. " . . . .  . 

W + F + V wing ,  fuselage, and v e r t i c a l   t a i l  .. 
W + F + V + R  wing ,  fuselage, v e r t i c a l  and horizontal tail8 

APPARATUS, MODEL, AND TESTS 

.... The present  Fnvestigation wa8 conducted in.* 6- by 6-foot test 
section of the Langley stabfliky tunnel with the model  mounted at the 
origin of the axes system (projection.of  quarter-chord p o k t  of the mean ... 

aerodynamic chord on plane- of symmetry) on a single suppod a t ru t .  The 
strut was attached ta a aix-component balance system. .. " 

-. 

.. - . . .  - 

" 

. ." 

The fuselage and the. .ver t ical  and horizontal ( O o  incidence) t a i l s  
were previously used f o r  the  investigation  reported -in reference 2. .The 
basic wing was the  .same as that used f o r  the Faveetigation of reference 2 

and had a removable lmding-edge  section  extending from 0.6+to the wing 
t i p   t o  enable  various chord discontinuities  to be used  interchangeahly. 
The.basic w i n g  had the 0.333 chord line swept back 35O, an aepect  ratio 
of  3.57, 'a t aper   ra t io  of 0.565, an area of 2.973 " a q w 3 r e .  Zeet',. and a 
mean aer.odynamic chord of 0 $42 foot. Details . of  the basic model &e 
shown i n  f igure 2. Additional  details o f  the basic -del can be  obtained 

I - . "  

" - " . ." . . . . . .  -. " "_ " 
bjw 

. . .  
" - " 

- .  
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. .  
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from reference 2. The various chord 'discontinuities and chordwise 
fences Used in   the  invest igat ion  are  shown in f igure.3.  The chord- 
extensions and chord-recessions were formed by extending or  recessing 
the wing leMing edge by 0.16. Photographs of some model configura- 
tions and the wake-survey apparatus used in this investigation  are 
presented  aa:figure 4. The wake-survey apparatus  consisted-of a yaw- 
head pitot   tube mounted on a Frame at tached  to   the  rear  of the  fuselage. 

Surface-tuft photographs were made w i t h  a. camera  mounted outside 
the   t es t   sec t ion  whereas tuft-grit photographs (see  reference 5 fo r  
detail6 of tuft-grid procedure) were'made with &z1 aerial camera  mounted 
in   the . tunnel  about 50 f ee t  downstream of the model. The surface tufts 

w e r e  attached  to the w i n g  surface A- inch  apart  with  cellulose  tape 
2. 

along the following chard l ines:  0, 0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 
0.70, 0.85, and I 1-00. w t m s  fl in  the tuft g r i d  were 3 inches long 
and were sga-ced at  1-inch  fntervala  vertically and horizontally. . 

Force tes t s ,  wake su~veys, surface-tuft   tests,  and tuft-grid kests 
were made for   the various model arrengeprents shown in table  I. The 
force  tests  consisted of measurements of lift, drag, and pitching moment 
through an angle-of-attack  range of -6O t o  Bo. The  wake surveys con- 
s is ted of measurements of  downwash and eideksh  angles and dynamic 
pressure a t  the horizontal tail through the  angle-of-attack  range. The 

tuf t -gr id  tests were .made f o r  EL l h i t e d  angle-of-attack  range. 
P locations of  these S U X T ~ ~ B  are shown fn figure 2. Surface-tuft and 

s A l l  f o r c e   t e s t s  and wake sur~reys were made a t  a dynamic pressure of 
39.7 pounds per s&e foot  which corresponds t o  a Mach nuniber of 0.17 and 
a Reynolds number. of  1.1 x TO . The surface-tuft photographs w e r e  taken 

at a dynamic pressdre of 24.9 pounds -per  square foot (R = 0.885 X lo6) 
and the tuft-grtd-photographs were taken at a dynamic pressure of 
8 p o d s  per square- fooi.(R = 0.493 x lo6). 

. -  6 

Approximate jet-boundary  corrections, based on unswept-wing concepts, 
have  been applied fo the angle of at tack and drag coefficient.  The 
methods of reference. 6, aiso f o r  unBwept ~-8 , .  were used t o  determine 
blockage corrections -which were-applied t o -  the drag coefficient and 
dynamic pressure.  Corrections t o  horizontal-tail-on  pitching moments 
and t o  the measured  dounwash angles w e r e  determined by the methods of 

with  the  exception of  the.  drag tare, are  believed t o  be small. The 
reference 7. Support-strut tares have no? been  applied to the data but, 
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absolute  values of the drag coefficient %e. not .believed .to be  repye- 
sentative of free-air  conditions  but  the  in&ments due t o   t h e  varioui 
chord discontinuities  are  believed  to  be  reliable. *' 

RESULTS AN13 DISCUSSION . 

Presentation of Data . . . . .  . .  , .~ .I 

Table I i s  presented  ae an index to   the   f igures  with each model 
configuration  designated by a number which yi11 be ueed herefaafter. 
The following tab le  suntmarizes the  presentation. of  resu l t s  of the 
present paper: 

. .  
. .  

. . .  .... . . _ -  
r . "" - 

Figures 

Force data . . . . . . . . . . . . . . . . . . . . . . . . .  5 t o  15 
Flow characteristica - Wake.survey8 . . . . . . . . . . . .  16 t o  20 
Flow characterist ics -. SurfaCe t u f t s  and tuft grid ......... 21 and 22 . . . . .  .. Y 

Physical  Nature of Flaw . . . .  . -  .". . , ._._ 

... The physical  nature of the flow over the  surface of the wing and 
i n   t he  wake w i l l  be- t rea ted  In this section,  Kith  reference t o  figures 21 
and 22, t o  enable a bet te r  understanding  of the force  data. The effects  
of the  fence and chord..discontinuities on the flow will a l s o  be con- 8 --: 
sidered. Add i t iona l  discussion af the f low w i l l  be made i n  a subsequent 
section of this. paper. .", I ". 

I -. 

." . .  

. -  . .  

. " "  

A t  low angles of attack,  visual  observations of .a tuft attached t o  
a long slender rad indicated  the  presence of a vaztex eqnating  near the 
wing-fuselage Juncture-of  the  basic complete. model (configuration 1). 
This leading-edge aepKation  vortex results from localized  leading-edge 
separation and wlll be  referred t o  hereinaft& as the  separation i -ortexi .  
The separation  vortex  progressed  along  the .leading edge of- the d n g ' k ~  
the t ip ,  mixed with  the  tip  vortex, and t r a i l ed  downatream outboard of  
the horizontal t a i l .  A t  angles of  a t tack of  about 6' t o  8O, the  separa- 
tion  vortex w a s  swept from the w i n g  leading edge ( f ig .  21). a t  about 
O.* and trailed  off ' . the w i q  t o  mix 'Kith  the  t.ip  vortex,  the mixed 

vortices  passing outboard of  the horfzontal   ta$l-(f ig .  . . . . . . . . . . . . .  22). A t  higher 
angles of attack,  the  Beparation vorta .  moy& towards The plane of .. 

symmetry a t  the  horizontal  tail  causing r a p i d  -chaweb i n  downwash &%le; 

.- 
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The addition of a fence  (extending- around the wing leading edge 
and acting as a physical-barrier  to  the  separation.vortex) having a 

length of  0.527~ at O.& d i d  not  appreciably a l t e r   t he  flow  over the 

w i n g  ( f i g .  21) o r  i n  the wake .at low angles of attack. A t  moderate 
angles -of attack, however, the  fence caused  a def ini te  improvement i n  
the f low over the wing'outboard o f  the  fence. The improved flow out- 
board of the  fence caused a higher t i p  loading compared with  the flow 
over the  plain wtng at  the same angle of  attack  thereby  causing an 
increase i n  the   s t ab i l i t y  of  the wing. 

2 

The use of  a chord-extension  provides an aerodynamic bar r ie r  t o  
the  separation  vortex  in  addition t o  a slight  physical  barrier.  The- 
aerodynamic bar r ie r  i B  8 vortex along the  inboard  face  (referred to as 
the  face  vortex) of  the chord-extension and over the upper surface of  
the wing opposing the spanwise f low that otherwise  exists from the 
separation  vortex. When ei ther  a fence o r  chord-extension w a s  on the 
wing, the  t ip   vortex appeared t o  be stronger, a resu l t  of the improve- 
ment i n  flow outboard of  these  devices. A secondary vortex (emanating 
from the inboard  face and the-leading edge of the  extension) was noted 
a t  high angles of attack along the  leading edge of the  chord-extensions.- 

The fence or chord-extension  could  appreciably alter the downwash 
characterist ics a t  the horizontal tail as w i l l  be shown i n  a subsequent 
section of t h i s  paper. 

Force  Data 

L i f t  and pitching moment.- The variation of  lift and pitching-moment 
coefficient w i t h  angle of attack f o r  several model configurations  for 
the W, W i F + V, and W + F + V + E ie shown in figure 5 .  It should 
be remembered that the  angle of a t tack of the w i n g  alone is  re fer red   to  
the fuselage  center  l ine  (figs.  1 and 2) which i e  the  reference  line fo r  
configurations  including a fuselage. 

The data of  figure  5(a)  fndicate that although  the  basic W + F + V + H 
(configuration 1) becomes longitudinally  unstable at moderate angles of - 
attack  (about loo), the W and W + F + V a re   s tab le   in   the  aame angle- 
of-attack  range. The instability of the  basic W + F + V + H was aleo 
the  subject of  the  investigations of  references 1 and 2. Teste of th ie  
same model (reference 2) with  the wing  removed indicated no appreciable. 
decrease in s t a b i l i t y  around 10' angle of  at tack. It appears,  then, 
that the aforementioned separation  vortex  has produced an unfavorable' 
variation of downwash angle  with  angle of a t tack a t  the  horizontal tai l .  
Large Fncreases i n  a€/& to. values as great  a8 2.0, with the  dynamic 



pressure at t h e   t a i l  remaining essentially  equal t o  the  free-stream a - -  

value, are  indicated  for  the moderate--angle-of-attack range for config- 
uration 1. -. (See f ig .  16.)  

..- ,I 
- 

II 

A comparison of figures  5(a): to 5( d )  indicates  that   the chord- 
extension  (configuration 4) or  fence  (configuration 16) improves the  
stability of the W . and W + F + V slightly  in  the  angle-of-attack - 

range where. canfiguration 1 i s  unstable ( W  + F -+ V + R ) ;  the  improvement- 
i n   s t a b i l i t y  of  the w i n g ,  however; is small compared to   the .improvement - 

i n   s t a b i l i t y  of the complete model caused by the more favorable  variation 
i n  downwash angle  with  angle  of  attack at the  horizontal tail. (See ' 

f ig .  16 for  the.vaziation of downwash angle w i t h  angle of attack  for 
several spanwise positions at the horizontal ta3.l for  configurations 1 
and 4 . )  The data of figure 16(b) indi-cate- lower value8  of q t / q  for 
configuration 4 than  for  configuration -1 (u =, . -8o  t . 0  Eo) which. would 
tend t o  reduce the ins tab i l i ty  caused by high values of a€/& occurring 
for  configuration 4 as well  as  configuration 1. Although downwash 
angles and qt/q were..not measured f o r  configuration 16, they  are 
believed  similar  to  those of  configuration 4 inasmuch as the pitching- 
moment data we very  similar f o r  the two- configurations. 

Cwnparisons of the  effects af various chord djscontingities and 
some fence configurations on  the   s tab i l i ty  and lift characteristics  of 
the complete model ( W  + F + V + H )  are  presented  in figures 6 t o  13. 
I n  gerkral,  the chord discontinuities and fence  configurations had very 
l i t t l e   e f f e c t  on the l i f t  and pitching momerrts a t  angles of attack less 
than  about loo and greater than about 25O. For intermediate angles of 

attack,  the  use of a chord-extension  of O.O* with the inboard  face a t  

0.6% from the  plane o f  sy-Enetrf (configuration 2) provides  about 

neutral   stabil i ty  in  the  angle-of-attack range around 120 (result ing - 

from favorable values of a€/& ( f ig .  17)) but   resul ts   in  a small 
w t a b . l e  range around  190 angle  of  attack (fig.  6) where a E / &  i~ - 

greater than 1.0. The data of figure 6 aIso fiia€ca-Ee"that the  effec- 
tiveness of  the  extension i n  improvingthe  st&ili ty.of  the model i s  
decreased by a small outboard  displacement of the extermion (conflgura-..- . . - 
t ion  3 ) .  The effect  of'increasing  the span of  the.small extension 
(configuratLons 2 t o  4) i a  an increase iI"the effectiveness and i n   t h e  
range  of effectivema of the  extension  (fig. 6 ) .  

1- 
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Resulte of  an investigation of the same basic model used i n   t h e  - 

present  investigation  reported  in  ref.erence 2 indicat-ed  that. lowerir&g 
the  horizontal t a i l  from i t s  present  position  (see fig. 2)  t o  the 
fuselage  center  l ine  resulted  in  neutral   etabil i ty at about LOo angle of 

attack. In the  present  investigation,  both  the  fence and the 0.1% 

" 

. 
- "I 

1 -" . ._ .. . 

4r 
P - 



1 chord-extension  provlded  neutral  stability in this &ngIe-of-atfack  range. 
The mechanisms  of the three  methoda to improve  the  stability m e  dif- 
ferent,  however.  Lowering  the  horizontal tafl moves it to  a.-more  favora- 
ble  downwash  region  whereas  the  addition of a fence  or  chord-extension 
improves  the.downwash at the origm-tail position. 

A chord-extension  extending  from 0.6& to the  wing  tip  (configura- 2 
tion 7) affects  the  stability and lift chmacteristics'of  the  complete 
model in a m a n n e r  .similar to that  of the 0. le chord-extension  (con- 
figuration k )  having  the  inboard  face at t he  eame spnwfse location. 
(Compare  figs. 6 and 7. ) Moving the face  of  the  chord-extepeion out- 
board  decreases  the  stability around I O o  angle of attack. 

In order to determine  the  influenee of the  profile  of the inboard 
chord-extension on the liFt and  pitching-moment  characteri~tic8  of 
configuration 4, a small  flat-plate  extension was investigated  (config- 
uration 6 ) .  The data  of  figure 8 indicate  that  the  flat-plate  extension 
is much  less  effective than the  chord-extension  of  configuration 4 in 
reducing  the  instability that OCCUTE at about loo angle of  attack  for 
the  basic  complete  model. 

Generally, the  effects of the  fence  (configuration 16) on the 
stability of the  complete  model are s h i l a r  to those  of  the  chord- 
extenaion of configuration 4 although the  mechanism  of  the two devices 
d i f f e r  considerablf, as was previouely  mentioned.  The  fence W ~ S  located 

c 

a' . at 0.6& as was  the  inboard face of the  chord-extermion.  The  chord- 

extension,  however,  waa  more  effective in maintaining  stability for a 
larger.  angle-of  -attack  range than W&S the fence (fig. 9)  . 

2 . .  

A comparison of t h e  effects  of a single  fence  and  multiple  fences 
on the  lift and pitching-moment  characteristics  of  the  complete  model 
is  presented in figure 10. T& the  angle-of-attack rage around loo, a 
single  fence is much  more  effective in reducing  the  instability of the 
basic  complete  model  (configuration I) than  the aix fences  investigated. 
For  a small angle-of-attack  range  around 20°, the  six  fences  are more 
effective than the  single  fence  inasmuch RE inatability  occurs  for  the - 

single-fence  configuration. At higher  angles of attack,  the  single- 
fence  configuration is more  stable. than the  multiple-fence  configuration. 

When  the  chord  discontinuity is in the  form  of a receseed  chord 

outboard  of 0. & (configuration lo), only small effects of the  dis- 
2 

continuity  are  noted on the l i f t  and stability  characteristics of the 
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basic c.omplete model. (Compare f igs .  10 .&id 11.) .This i s  the  resul t  of  
a lack of an aerodynamic or.physical   barrier  to  the  separation  vortex.  - 

Moving the  face .of the. .reces~ion outboard  .(decreasing spsn) does not 
appreciably alter the -effectiveness of the  recession nor doee cambering 
the  recession.- (Compare f igs .  11. and 12. Jl thoGh iriprovement i n  
s t ab i l i t y  i s  obtained by recesshg   the  chord  outboard of the extension 
of  configuration 4 t o  form coeigurat ion 5, this   la t ter   configurat ion 
has bet ter   s tabi l i ty   character is t ics   than a plain  chord-recesaion 
because of the  existence of .*e aerodynamic and pbyaical  barriers  to 
the  separation vortex: (Compare f igs .  11 and 1 3 . )  

. .  

In  general,  chard-extensions w e r e  much more effective than chord- 
. . .. 

recessions  in  reducing  the  inherent  instability of the  basic complete 
model. This inatahi l i ty  occurred near loo angle of a t tack and was 
at t r ibutable  t o  a h  unf&+orable .%&Yiat-ion .of do-kiiGsh-&-e-with angle 
of attack at the  horizontal tai l .  .The slngle fence w a s  more effective 
than  aix  fences for this  -le-of-attack range and its effects on the 
ins tab i l i ty  of  the  basic . .W + F + V + H were  com-rable to  those of 
the best chord-extension  (configuration 4) (see fig. 9 ) .  Although some 
of the chord discontinuities  investigated e l i m h i t e d  the   ins tab i l i ty  
of the plain complete model (configuration 1) m a r  loo angle of attack, 
none provided better  than  neutral ,   stabil i ty  in  this range. 

. - . . . . . - . . 

.. . 

. .. - 

Drag. - The variation of  drag .roefficferrt ~ L t h  angle of at tack f o r  
the  basic W, W + F + V, and W + F + V + R model configurations is  
presented i n  figure 14. The variation of drag coefficient  with  angle 
of attack i s  presented in  figure 15 f o r  several~cho?rZ-diacontimzity 
configurations and a fence  configuration. The chord-extension and fence- 
configurations  generally  increase the drag  coefficient at moderate and 
high  angles of attack whereas the char-d-recesaion slightly decreases . " 

the  drag  coefficient through the  .asgle-of  -attack  range. 

I .  

" 

-" - 1 -  

. . .  
r . 
" 

" " - .. . 

Flow Characteristics - Wake S u r v e y s  

The  wake surveys (measurements of downwash angles, sidewaeh angles, 
. . ." 

and the dynamic pressures a t  the  hor'izootal-tall  location) were made 
along a line perpendicular t o   t he  plane of  symmetry and passing through 
the 0.5 chord  of the mean aerodynamic chord of the horizontai tail. A 
preyious  investigation  (reference 1) had indicated  the aerodynamic center . -  

of the t a i l   t o  be near this  point.  Surveys were made i n  the plan& of the  
hor izonta l   t a i l  only ( t a i l  removed) for configurations 1, 2, 4, 5, 7, 
and 10 and these  data  are  presented i n  f igyres .16  to  20. Curves of the " 

pitching-moment coeff-icient  plotted  against  angle  of.attack gar the 
complete model ( W  + F c.4 a H) are  also .included i n  theee figures. 

. ". - 

.- - ." 

. . ." 

The data of figures 16 to 20 indicate-that  the downwash angle at - * :  
the  horizontal   tai l   for  al l   configuratiom.varfes  comiderably through 

. . . . .  
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h the  angle-or-attack ran&at all spanwlse statfonk  investigated.  At 
low  angles  of  attack,. as/& is falrly constant  but  begins to increase 
across  the  span  at  about a = Bo. At  the  outboard  survey  positions, a 
maximum  value of a€/& is  reached  at  lower angles of attack  than  at 
the  fnboard survey positions.  At low angles of attack,  the  value of 
a E/& is  generally  less than 0.5 and at angles  of  attack  between 8O 
and 1.6~, depending on the-spanwise  station,  it  becomes as large a8 2.0 
for some conftgurations. 

d 

The  sidewash  angles  measured .in the plane -of the  horizontal  tail 
are shown in  figures 16 to X). Inasmuch  as  the  angle  of  sideslip was 
z e r o  for  the  present  investigation,  it can be  expected  that the sidewash 
angles on the  other  semispan  would lie approximately the same;  thus, 
stdewash  would  not  influence  the  static  longitudinal  stability. 

For all configurations,  the  dynamic  pressure  at  the  horizontal-tail 
position i s  easent-idly  equal  to the free-stream d u e  f o r  l o w  angles of 
attack  and  begins  to  decrease  at some moderate  angle  of  attack.  The 
rate of decrease of qt/q  is  greater  for  outboard  stations and minimum 
values  of qt/q as low aa 0.36 &e  obtained,  the  angle  of  attack for 
minimum qt/q varying w i t h  the span~ae stations (figs. 16 to X)). 

The  configurations (2, 5, and 7) which  have  longitudinal  stability . 

characteristics similar to  configuration 4 for the  unstable  angle-of- 
attack range of configuration 1 (about a = go to 140) generally  have 
sFmflar downwash and dynamic-pressure  characteristics.  (Compare 

stability  characteristics (figs. 10 . a n d  11, respectively) and have  about 
the same  downwash and dynamic-pressure  patterns  (figs. 16 asd 20, 

- 
5 figs. 17 to 19.) Configurations 1 and 10 have sfmil8,r static  longitudinal 

. respective) . 

Flow Characteristics - Surface Tufts and Tuf t  Grid 

Surface-tuft;  photographs (R = 0.885 x LO6) are presented in 
figure 21 for  several  model.conffgurationa  for the angle-of-attack  range 
where  instability  occurred f o r  c o d  ation 1. Als presented in 
figure 2 l  are  tuft-grid photograpby= 0.493 X 1067 for several angles 
of attack for the  wing alone for configuration. 1. A l l  angles of attack 
are  referred to the fuselage  center line. -much  as -there are only 
a few  tuft-grid  photographs at  angles of attack  comparable  to  the angles 
of attack  for the surface-tuft  photographs, fi&re 22 WBB prepared and 
includes  intermediate  and  lower  anglea of attack to give a more  complete 
wake  pattern.  The various chord-discontinuity  and  fence  configurations 
.did  not  show ang appreciable + a g e  in the f lay ptterns distinguishable 

% by  casual  observation of the  photographs& %e vortfcea on or  alo& the 
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face of the chord-extensions were weak compared with  the  aeparation -- 

vortex and, thus, were masked from  view at  the  horlzontal--tail  position; 
Hence, only t u f t - G i d  photographs are presented  for  configuration 1. 

Configuration I,. plain wing. - Inasmuch as the physical  nature of 
the  flow  has been discussed in  a-previous  section, only brief  considera- 
t ion   to   addi t iona l   de ta i l s  w i l l .  be discue~ed .here-!. . .. 

The l n b o a r d  movement of the  separat ion.Ertex becomes apparent from 
the photographs i n  figures 21 and 22 fo r  angles of  a t tack above go i n  
the form. of  a distorted  vortex  pattern. As the  angle of attack is 
increaaed,  the  separation  vortex becomea pogressively  larger" moveB 
fa r the r  5Sboazd. goeici-lq- is apparent behind almost the  ent i re  King. 
Probing a t  the horizontal tail location i&-ic&teX V3ry r- flbw. 

Configuration 16, fence a t  0 . 6 9 .  - In  order t o  d e t m e  whether 

spanwise position of .me  fence + a d .  be c r i t i c a l  w i t h  regard to i ts  
effectiveness  in  improvingthe flow over the wing surface,  observationa 
Of the  surface t-8 were made w i t h  &:fence probe located a t  different 
poeftiona along the wing. The fence probe  consi6te.d of fence 4 ( f ig .  3)  
attached t o  a long slender  rqd. -As the fence-probe wae moved-inboard 

of O.&, 110 apprechble improvement i n  the f low outboard of I& fence 

was noted. Moving the  feme outboard of O.&.ahwed BQme improvement 

i n  the flow outboard of the f.ence B u t  the range of angles of attack for 
a continued improvement i n -  flow was severely c&aLLed. 

2 
bw 
2 

- - -  " . . .. 

Apparently, i n  order t o  be highly  effective  for a large angle-of- 
attack range, -the fence  should. b& iocated v e r y .  close t o  the point where 
the separation  vortex  begins  to sweep- backward from the wing leading 
edge which usually  occurs a t  acme modera te . -e le -   o f ' a t tack .  I n  addition, 
the fence  should extend t a , .o r  around, the w i n g  leading edge. Addltion 
of s lo t s  o r  flaps t o  the w i n g ,  or a change in wing-aepec%-ratio, would 
alter the  vortex  behavior and wovld,. "therefore,. influence .the optimum . 
location of the fence ( reference 1) as, perhaps, w o d d  Reynold8  number. 

Chord d i scon t iq i t i e s . -  Probing at low angles of  attack  (about 3 O )  

with the O.l& chord-extension  (configuration 4) on the w i n g  indicated 
the presence of nr t icee ,a long . the  Fnboard and outboard faces of the 
chord-extension. . These- face vortices , a r e  more o? 'lea8 evfdent f3?Om 
the  dieturbances of the  surface tufts. in these re@;lo+ [fig: 21). The 
outboard face vortels,.wes weak ,and, although it inay have"become etronger 
at higher angles of &ttack, it is beliekked- &&6.%%i e - f f ec ta  o f  this 
vortex would be  relatively small in comparison - t o  the  other  vorticee. 
Even at an -le of a t tack of 210, the f l o w  . over . . . . . -. . the . d - e n e i o n  was- 

2 . ,  L 

. ' ,- 

"7 
" 

-. 

. .  . . .  - 
.. . 

re lat ively smooth. 



Incidentally,  probing  indicated a region .of very l o w  dynamic pres- 
sure inboard of the chord-extension a t  about 35 percent of the wing chord 
at an angle of attack of 7". T h i s  region i s  indicated by the  apparent 
bare spot among t he   t u f t s   ( f i g .  21).  

The tuft photographs are  generally similar i n  nature f o r  the 

0.3- chord-extension  (configuration 7) as fa r   the  0.1- chord- 

extension  (configuration 4). (See fig. 21.) The use of the large 
chord-extension moves the  entire  leading edge outboard of the  discon- 
t i nu i ty  out of the path of the  separation  vortex. The vortex  along 
the  face of the chord-extension  tends t o  reduce the effects  of the 
separation vortex. At high angles of  attack,  the  formation of a secondary 
vortex  along  the  leading edge of the chord-extension is apparent from 
the.photographa of figure 21. The effects  on the flow'of recessing the 
chord of the  wing outboard of 0.6% can also be  seen in figure 21. The 

flow is  simF1ar t o  that f o r  the plain wing as  might -be expected since 
no aerodynamic o r  physical   barriers  exist  to counteract  the  effects of  
the separation vortex. a. fact,  the  vortex on  the face of the  recession 
rotates  in the same direction as the  separation  vortex and, thue,  tends 
t o  magnify the  unstable f l o w  a t   t he   ho r i zon ta l   t a i l  Caused by the 
separation  vortex.  The-recession also effectively  increases  the  rate 
of taper  (decreases  the  taper-ratio) which would tend t o  increase  the . 
spanwise n o w .  AE a resut, tbe  recession was ineffective  in  decreaeing 
the   ins tab i l i ty  of the   plain wing configuration (W + F + V + E) as was 
previously  noted. 

b, bW 

bw 

. 

A low-speed investigation  to determine the  effects  of chord d i s -  
continuities and chordwise fences on the   s ta t ic   longi tudina l   s tab i l i ty  
and wake characterist ic8 of 8 swept-wing model. has indicated  the 
f ollowhg  conclus Wns : 

1. The use of a fence o r  lO-percerit-semispg~n chord-extension,  with 
the  inboard  face of the chord-extension  located a t  the same spanwise 
location as the  fence (0.68 semispan),  caused a slight hprovement 
the   s ta t ic   longi tudina l   s tab i l i ty  of  the  basic wing alone at moderate 
angles of a t tack which resulted from an improvement i n  f l o w  over the 
t i p  o f  the wing and higher t i p  loadings  for a given  angle of  attack. 

2. A fence  located a t  0.68 semispan o r  a 0.10-percent-semispan 
chord-extension  with  the inboard face  located a t  0.68 semispan  reduced 
the   ins tab i l i ty  of  the complete model t o   n e u t r a l   s t a b i l i t y   a t  moderate 
angles of attack. The fence  acted as a physical  barrier  to  the 

C 
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Leading-edge separation  vortex,  thereby improving the flow oirer the wing 
outboard of the fenCe-.-The Fenc;e,."hoirever,. .iiiii-dfprovldedr a- more . . . . .  - -. 

favorable v a r ~ t i o n  of-downwash sale with  angle of  at tack at the  
hor izonta l   t a i l .  The chord-extension  provided an aerodynamic bar r ie r  ... 

t o   t he  lead*-edge aepwation  vortex.in the f o m  o f  a vortex along the c:. : 
inboard face of the extension and, i n  addition, it provided a slFght . . L 1 ". 
physical  barrier  to  the  separation  vortex: The chord-extension &BO . "  

mainly  provided a more favorable  variation of downwash angle with angle 
of  attac.k a t   the   hor izonta l   t a i l .  

-. - 
. . .  "_ ." . 

.. - .I . .  

... 

" 

. .  
. .  
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Figure 1.- Stability system of axes. Arrows indicate positive  direction 
of forces, mmerta, and angular displacemente. 
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Figure 2.- Pertinent model dlmenslons. Configuration 1. Al l .  dimeasions 
are in inches. 
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Figure 3.- D e t a i l e  of chord diacontinuities aad chordwise fencee ueed 
in  investigation. A l l  dlmenkions are  in inches. (Note: Receseion 
i n  13, 14, and 15 is cambered. See f ig .  3 concluded. ) r 
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Figure 3. - Continued. - 
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Figure 3. - Concluded. 
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(b) Configuration 4. 

Figure 4.- Continued. 
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( e )  Wee-quarter front view o f  configuration II. with survey apparatus 
attached. 

Figure 4.- Concluded. 
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(a) Configuration 1. 

Figure 5. - Longitudinal stabilit  characteristics of an airplane 'model 
having a 35 B sweptback wing. 
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(b) Configuration 4. 

FFgure 5.- Continued. 
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(c) -Configuration 16. 

Figure 3.- Continued; 
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(a) Configuration 17. 

Figure 5.- Concluded. 
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Figure 7.- Comparison of longitudinal stability characteristics of several 
model configurations. W + F + V + H. 
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. . . . . . - 
Figure 8.- Comparison of longitudinal stakility  &a,ra,cteristics of several . . . .  

model configurationB. W + F + V + H. 
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Figure 9.” Compqison of longitudinal stability  characteristics of several 
model canfigurations. W + - F  + V + H. 
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Figure 10.- Comparison of longitudinal stabi l i ty  characteristics of several 
model configurations. - W  + F + V + H .  
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F1gur-e 12.- Comparison of longitudinal stability characteristics of several 
model configurations. W + F + V + H. 

. .. 



37 

'4. c .6 
5 
F .4 e 

0 

I -.2 

0 

4 -4  0 4 8 f2 16 20 24 
Angfe of uttuck, CC, deg 

28 32 

PFgure 13.- C q a r i s o n  of longitudinal stability characteristics of several 
model configurations. W + F + V + E. 
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Figure 15.- Camparison of drag characterfatics of several model 
conf'iguratione. W +:F + V + H. 
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(a) 6 and C, a g a U s t  a. 

. Figure 16.- CompariBon of the wake characteristics of several model " 

. . .  
configurations. W + F . + V. 
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Figure 17.- Comparison of the wake ch~tracterietics of several model 
configuratione.' W 3- F + V. 

-. 



NACA m- ~ 5 x 2 5  - 43 

-4 0 4 8 f2 16 20 24 28 32 
Ande of attack, m. deg v 

(b) Q and qt/q against a. 

Figure 17.- Concluded. 
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Figure 
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(a) E and C, against a. 

18.- Compariaon of the wake cha.racteristicB of 
configurations. W + F + V. 

several mode 
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(b) a and q/qt a g a h e t  a. 

Figure 18.- Concludkd. 
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Figure 19.- Comparison of the.wake characteristics of several model 
configurations. W + F + V. 
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Figure 19.- Concluded. 
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(a) E and Cm agafnst . a. 

20.- Cornparism of the wake characteristics of several 
configurations. W + F + V. 
1. 
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Figure 20.- Concluded. 
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Figure 21.- Surface-tuft photographs (R = 0.885 X 10 6 ) f o r  several model 
configurations -and tuft-grid photographs (R = 0.493 x 106) for 
configuration 1. - 
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Figure 21.- Continued. - 
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Figure 21.- Continued. - 
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Figure 21.- Concluded. 
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m e  22.- T u f t - g r i d  photographs of configuration 1. R = 0.493 x lo6. 
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